Abstract: Eu 3+ doped MLa 2 O 4 (M = Mg, Ca, Sr) nanophosphors were synthesized by a rapid facile gel combustion route. Luminescence properties of these prepared nanophosphors were analyzed by their excitation and emission spectra. The excitation spectrum consisted of some peaks in the 350-410 nm range due to the f-f transitions. The emission spectra of prepared nanophosphors had transitions of Eu 3+ ions i.e. ions. The enhancement in optical properties was observed when materials were reheated at higher temperatures. The nanostructural morphology was confirmed with scanning as well as transmission electron microscopy. The prepared materials were having size in the range of 10-50 nm. X-ray powder diffraction (XRD) technique was used to determine the crystal structure and phase of the prepared phosphor materials. XRD measurements revealed that the crystallinity of MLa 2 O 4 materials increased with increasing the sintering temperature. The prepared materials had bright red emitting optical properties that could be suitably applied in various display devices. 
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Europium-doped mixed oxide has received particular attention due to their efficient optical properties. These materials have bright red emission under the UV light source. Generally all the prime colors are important for the generation of the full color. This prepared series of compounds emit red luminescence (614-618 nm) that could be proficiently used for the generation of the white light for the various optoelectronic display applications.
Introduction
Technologically, rare earth-doped oxides nanophosphors are the strong motivators for the research due to their outstanding thermochemical and optoelectronic properties (Gouteron, Michel, Lejus, & Zarembowitch, 1981; Morais, Scalvi, Cavalheiro, Tabata, & Oliveira, 2008) . The electronic structure of trivalent europium ion when used as an activator has a non-degenerate ground state 7 F 0 which is well separated from the first excited 5 D 0 multiplet (Venkatramu et al., 2010) , provide unique properties to various host lattices (Garcıá-Hipólito et al., 2003; Joffin, Dexpert-Ghys, Verelst, Baret, & Garcia, 2005; Quan, Wang, & Lin, 2005) . The emission spectrum of Eu 3+ ion is generally not affected by the influence of the surrounding due to the shielding effect of 5s, 5p electrons (Zhang, Lü, Xiu, & Wang, 2007) . Hence, due to this excellent property of Eu 3+ ion, it is used as an activator for the synthesis of red phosphor materials having outstanding properties (Cong et al., 2008; Davolos, Feliciano, & Pires, 2003; Dhanaraj, Geethalakshmi, & Jagannathan, 2004; Fragoso, de Mello Donegá, & Longo, 2003; Joly, Chen, Zhang, & Wang, 2007; Sun, Qi, Lee, & Lee, 2004) . These Eu 3+ ions-doped materials have been used as various display materials (Rambabu, Khanna, & Rao, 1998; Rambabu, Mathur, & Buddhudu, 1999; Ronda, 1997; Tanner & Wong, 2004) . Thermoluminescence, electroluminescence, and cathodoluminescence properties of these materials are significantly applied in radiation detector, display material as field emission and electroluminescent display (FED, ELD) and cathode ray tube (CRT) (Oshio et al., 1999; Ravichandran, Roy, & White, 1997; Shea, McKittrick, & Lopez, 1996) . La 2 O 3 is renowned as an outstanding host lattice for rare earth-doped oxide phosphors due to their good photoluminescence properties and moderately low cost. RE ions-activated metal lanthanates phosphors having general formula MLn 2 O 4 (where M = Sr, Ba, and Ln = Y, La, Gd) have been proved outstanding phosphor materials (Yang, Xiao, Ding, Yang, & Wang, 2009; Zhou, Shi, & Gong, 2007) . Different synthetic methods such as spray pyrolysis (Medina, Orozco, Hernandez, Hernandez, & Falcony, 2011) , precipitation (Gunawidjaja, Diez-y-Riega, & Eilers, 2015) , sol-gel Pechini method (Méndez et al., 2010) , glycine nitrate solution combustion synthesis (Shang, Jiang, Shang, Li, & Zhao, 2011) , etc. are used for the preparation of lanthanates-based phosphor materials. In our present work, we have synthesized and investigated the luminescence properties of these nanocrystalline MLa 2 O 3 :Eu 3+ (M = Sr, Ca, Mg) phosphors with facile rapid combustion synthesis process. The prepared phosphors are having very fine particle size because of the released heat energy and gases of exothermic reaction of fuel and metal nitrates (Lou & Chen, 2008) . The synthesized series of phosphors are characterized by PL, X-ray powder diffraction (XRD), SEM, and TEM analysis. The synthesized nanomaterials are having better optical properties than the La 2 O 3 :Eu 3+ that could be effectively used in various display devices. (where z = 1-5 mol%) were synthesized (Singh et al., 2015) by combusting a hydrated concentrated mixture having a considered stoichiometric amount of metal nitrates and hexamethylenetetramine as fuel. The amount of hexamethylenetetramine fuel was calculated by considering oxidizing and reducing valencies (Ekambaram & Patil, 1997) . All these chemicals were mixed with deionized water and heated on hot plate till a semisolid paste was prepared. This gel mixture was then subjected to muffle furnace set already at 500°C. The material underwent rapid dehydration followed with degradation and production of numerous gases. These combustible gases ignited and burnt rapidly leaving a fluffy white colored fine powder. The solid powder obtained was reheated at 750 and 950°C for 1 h to study its effect on materials (Figure 1) where M may be Sr/Ca/Mg, x is the number of moles of water in accordance to the metal nitrates and z is the number of moles of Europium nitrates (z varies from 1 to 5 mol%).
Experimental details
Syntheses of nanomaterials
Instrumentation
Nanophosphors were characterized by X-ray diffraction profiles of the samples by the use of Rigaku Ultima IV X-ray diffractometer with Cu-Ka radiation for 2θ = 20-80°. Transmission electron micrographs (TEM) were taken using the Hitachi F-7500 transmission electron microscope. Scanning electron microscopy was carried out using JEOL JSM-6360LV scanning electron microscope. Emission and excitation spectra were measured with a Fluorimeter SPEX Fluorolog 1680 (USA) equipped with the SPEX 1934 D phosphorimeter having Xenon lamp as excitation source at room temperature in the UV-Visible region. All the characterizations were done at room temperature. . It is analyzed that emission intensity in prepared host lattice increased with the increase of europium ion concentration and reached at maximum when z is doped up to 4 mol% in the host lattice. Further increase in activator concentration results in overdoping, which with further increase of non-radiative energy transfer between adjacent Eu 3+ ions, resulting in lowering of their luminescence intensity (Blasse & Grabmaier, 1994) . Figures 2(a), 3(a), 4(a) show the emission spectra of MLa 2 O 4 doped with 4 mol% of europium ions, synthesized at 500°C, sintered at 750 and 950°C temperatures, upon excitation at 395 nm. The increase in the intensity of emission spectral lines is accredited to the increase of crystallinity of nanophosphors particles with the increase of sintering temperature. 
Results and discussion
Optical characterization
(a) (b)
The powders sintered at high temperatures show better red emission and this intensity of red color also increased with increase in dopant concentration. The best sample is observed when concentration of dopant is taken 4 mol% and calcined at 950°C. This is well described by color coordinates given in Table 1 (1) and (2).
(1)
y =ȳ ∕x( ),ȳ( ), andz( ) The calculated values of color co-ordinates are shown in Table 1 corresponding to red color of the visible region on the color gamut calculated from the emission spectra of MLa 2 O 4 :Eu 3+ nanophosphor prepared at various annealing temperatures and at different concentrations. The color co-ordinates of MLa 2 O 4 :Eu 3+ (0.04 mol) materials calcined at 950°C are shown in color triangle in Figure 6 . Samples heated at 750 and 950°C show the CIE co-ordinates in the intense red color region of the color triangle.
Morphological study of the phosphor
The morphology of Eu 3+ -doped MLa 2 O 4 nanoparticles was studied by scanning electron micrographs and transmission electron micrographs. The surface morphology of Eu 3+ (4 mol%)-doped MLa 2 O 4 nanoparticles prepared by present facile combustion method were studied using SEM. SEM photomicrographs of MLa 2 O 4 :Eu 3+ samples are presented in Figures 7(a, b, c) . The SEM micrographs showed that as-synthesized phosphors have spherical agglomerated nanocrystalline particles. As in combustion synthesis, numerous gasses evolved within very short period that generally produced nanosized materials with pores and voids. So it is analyzed from SEM images that the powders show large voids, cracks, and pores. The TEM Figures 8(a, b, c) are showing highly agglomerated nanoparticles with an average size of ~10-50 nm. TEM analysis has provided further additional microstructural details of these nanostructures. Furthermore, the crystallite size according to Scherrer's equation is much closer to TEM observation. The average crystallite sizes (D) are calculated using Scherrer's formula from the line broadening obtained from the X-ray powders.
X-ray diffraction study
where, "K" is constant, "λ" is wavelength of X-rays, and "β" is FWHM.
Tables 2-4 provided the detailed description related to size of particles and phase of prepared phosphors. 
Conclusions
Structurally and morphologically well-defined nanophosphor compounds were efficiently prepared by present facile rapid gel combustion process. XRD patterns showed the presence of multiphase components at 500°C, but on increasing sintering temperature, crystallinity of phosphors increased and single phase of phosphors was obtained at 750 and 950°C. Crystallite size of MLa 2 O 4 :Eu 3+ phosphor particles were found below 50 nm as calculated from XRD using Scherrer equation. On increasing sintering temperature, sizes of particles were increased, which showed enhancement in the crystallinity of phosphors. Moreover, SEM and TEM characterization confirmed nanocrystalline size of prepared particles. Photoluminescence spectra obtained for all MLa 2 O 4 :Eu 3+ phosphors had dominant red emission peak at 613-618 nm. The photoluminescence intensity of all the prepared nanomaterials was found to be increased with the increasing of the sintering temperature. Intensity of luminescence of SrLa 2 O 4 :Eu 3+ nanophosphor was found maximum when sintered at 950°C. All prepared nanomaterials had tremendous red photoluminescence properties so they could be made functional in different optoelectronic display applications.
